Stimulant doses of caffeine induce c-FOS activation in orexin/hypocretin-containing neurons in rat.
Although caffeine is a commonly used CNS stimulant, neuronal mechanisms underlying its stimulatory effect are not fully understood. Orexin (hypocretin)-containing neurons play a critical role in arousal and might be activated by acute administration of caffeine. We examined this possibility by using dual-immunostaining for orexin B and c-Fos protein as a marker for neuronal activation. Rats were administered intraperitoneally with 10, 30 or 75 mg/kg caffeine, or saline. As previously reported, caffeine increased locomotion at 10 and 30 mg/kg, but not at 75 mg/kg. The numbers of orexin-immunoreactive and non-orexin-immunoreactive neurons expressing c-Fos were analysed using three counting boxes within the orexin field in the posterior hypothalamus. Compared with saline, all doses of caffeine increased the number of cells immunoreactive for both orexin and c-Fos. The average magnitude of this increase across doses in orexin neurons differed amongst regions; c-Fos expression increased by 343% in the perifornical area and by 158% in the more medial, dorsomedial nucleus. In the lateral hypothalamic area, c-Fos expression increased by 226% at 10 and 30 mg/kg but no change was seen at 75 mg/kg. In contrast, caffeine significantly increased the number of non-orexin-immunoreactive neurons expressing c-Fos only in the dorsomedial nucleus. These results indicate that systemically administered caffeine preferentially activates orexin neurons over non-orexin neurons in the same field, and that this activation is most pronounced in the perifornical region where orexin neurons are most concentrated. The activation of orexin neurons might play a role in the behavioural activation by caffeine.